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(54) SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To inexpensively 
manufacture a pulse width modulation(PWM) waveform 
used for a DC/DC converter with a stable frequency, 
without being affected by manufacture fluctuation and 
the like. 

SOLUTION: A frequency phase comparator 11 compares 
the frequency/phase of the output signal of a 
comparator 12 and an outer clock ECK. The signals of 
the leading/delay phases are outputted to a control 
current source 15 through a low-pass filter 14. The 
control current source 15 reduces a charging current 
Isrc, when the signal outputted from the low-pass filter 
14 has a leading phase and increases charging current 
Isrc, when it has a lapping phase. A triangular wave for 

generating a PWM waveform synchronized with the outer ' _ 

clock ECK is generated with the constitution of a 
negative feedback loop which starts from the control 
current source 15, through the comparator 12, the 
frequency phase comparator 11, the low-pass filter 14 
and back again to the control current source 15. 
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2 ] M*a l E«o^i»<*«aigB3g«lcio 

^T, 

WEffim««A*blH**ixfcH:ttlS«t*<5v^ 

r*fli*tifca(rEiw*a*?-o»«S:ff 5 * 2 

t , SfrESEtt:««BW«EJK»J®ft#^S-5v N TmJl£ 

[0 0 0 1 ] 

[35W<DJK^5ftffi#»] #ISWti, PWM (Puis 

e Width Modulation) SScODC- 
DC (Direct Current to Dire 
c t Current) n (DMfflttLffifcffl 

[0 0 0 2] 

L"C3SE'bS^fc»lCPWM*a;ODC-DC3 

% s'<~f&m*btixix^z>. :opwmmdc- 

DCay/Wi:(l, PWM*»Sr±*i-Sfcftoift* 

[ 0 0 0 3 ] tt«J6*l3Btt, ^vr^iH^mSfcTft 
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[0 0 0 4] DC-DC3^W/I^A/D 
(Analog to Digital) ^Jfegft^K 

«B*r«»-r6»&, Ra/d3E»»os/n (Sig 

n a 1 t o Noise) It^WWWttft if <OM U>B 

10 -tirfcfl-fS :it:J:oT, DC-DC ^y/^^M 

[0 0 0 5] ftio, ^^ffi^$^k«ag^o^T3¥L< 
SE^TfcSWi LTtt, ¥/#7^5J3 1 5 0, J±H£A 

(fl) . r«rlK IMi^yhV^j P4 5i, p 

[0 0 0 6] 

20 [«W^*«:UJ:5i"f5KjH] ±E<&J:5 
4#*#*«naB36BJcKJt feftfcD C - D c a >v<- 
*Tii, 5ttBIB^As*5- t**«W#JCJ: 9 

[0 0 0 7]^ PWMffii]»tCct5DC-DC3^<- 

30 vWfttio K/xyW8£&<n>Wfv y^mm^mML 
X^liS:attTA/DSiftte*«r*71ry 

[0 0 0 8] «fcoT, DC-DC3WWO^yf 

40 [0009] z<Dtz£>, -mz*v->yy y?m&m*. 

««3£BfcifG>3gtBi LT ^ -ri. W*cj3t)£Stt Scot- 

[00 10] r.^T% PWMH^DC-DC^y^- 

*<&*>f s/f-^jaftftfi, DC-DC*j»iEiB^Se?g 

t, *^4ia*»c:*it5«ajB«****i'a3>'f f 

50 L*v\ »«J«*ft(Otfe)OSr*s*#<4oTU*5» 
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[0 0 1 1] m$rKlh"f5^^)^, -ttftlfcite* DC 
[0 0 12] Sfc, iiilta yrVf, 

•bo 

[0 0 1 3] ±ET*te, y h^^A/D« 

tf, ACm^LJ&>«foft^ft4f) ^ffl&iC^oTIi, i» 

icaaiw^^v^y ^hms**-* y*>trnwko 

[0 0 14] *JgW^iWtt, DC-DCaWWK 

<5<, 

[0 0 15] *«W©SWE*e>Vlc*©tt«)Bttt*f» 
ft *3MS(i, #w jNB«0>8Ei£:te J: tf8&tt|g|ffl;&» <b W <b jN;: 
ft^T-fc^?. 

[0 0 16] 

[0017] -fftfr^ *^p^o^^aiH]^fi 

fflffiJttfcffii: «t «9 ft£ PWM«ja?fflODC-DC»JfflllEl 
[0 0 18] ^[cj:^ »ffiSfi*^-fc|S3gfie>ot 

ft 4T*«4 t« t ufcja»»co p wms 

[0 0 19] *fc % ^W^^fleHaislKafiBtt, Aft 

i u m&iimmmz& 
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[0 0 2 0] ^tUtCctt), »1, ®2^>fflSlC*3(t5 

4 Xft if ©|g»S:*(Btcfi*i-5 r t ^t?# 5o 
[0 0 2 1 ] Sbfc, *£no¥ttfl^iatt£tttt, 

[0 0 2 2] -tttlCjioTfc, ftS^S^^tcSiittffe 
o# ft 4f#£ CX ^-3£"C*3£ Lfc^K^O P W 

20 [0 0 2 3] W±co- t^J;^ flfrSgfi^fc^ft 
[0 0 2 4] 

[0 0 2 5] (Hffi(0ff^ 1 ) Bill, 

Jgffi 1 J: 5 ^*ft:*aiHlgS3Sfi^»tt bixfcD C - D 

c^y<-?(DWiwm, ia 2 it, m<o mm <ommi 

30 tC££DC-DC:3 W«-^{CR«t fcilfcDC-D CWJ 

ffliElg&^lHlKBiMBI, i3ft *^^co^feco^r#i 

[0 0 2 6] *ni&<Dftm 1 IC*3V^T, iifffflCO^^f* 

C-DC3^-^ 1 ^KttbtlTV^^o DC-DC^ 

h7^2, KD i , ^> 

x^3 ( 4, VT?b^5, DC-DCfW«iaB (P 

40 7^5>fl|j**ttTV^5 0 

[0 0 2 7] h9V^2©— yf-y^h 

7V^^7Sr^LTi:«E®ja^ttj^SttT*5f9, DC 
-DC SWlHlSg 6^P)^StlSP WMSi tcS^5v NT 

^ 2^-Mi)(ctt^com^i;ffi^Mp$^^o 

[0 0 2 8] h7>X2<D~lkWZt± s WR£fe{fcfft(o 

so ^aan^ixatBEtt, Dc-Dcw«iia»6jc3e«E«i] 
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[0 0 2 9] DC-DC©WlHlS&6lC*i, @ 2 i:*t <t 

[0030] SSSI^ttiry^s^-^oA^IBJcttSfl 

f (Hi) ^SSttSixi. RSttlUr^Sll S^T 
l^&A^SixifB-^tSJIIlffVREpotSrHilRU » 

[0 0 3 1 ] ^yy< 9 Offi*©A*<8Ktt, tt* 

SrtMRU PWM«JB«:ffl*i-5 0 

[0032] *fc, KJg^^iHiss i o jcttJSftftttttJt 

ttffijtttsi i©-*©A*«fctt % ^y^u-^ (m 

EJttKA) l 2<0W*«K*5J:V^>r («?0*lflP8B) 
1 3^SiJ»*ftpSJWf^A^SB^^$tuT*5«9, fife 
^A^ffiKfl DC-DC = y/W 1 l^ttS*^ 

ECK«T-T4^LTA^^tl-Cl^o 
[0 0 3 3 ] jaStJSffitiJtttSSl lOtH^ffitt, a-/< 

81111 {ttBSrJtR-rs. 
n-/**?^* l 4fl A;fl£ftfcfB^(B;JSifc/£# 

[0 0 3 4] n-X^y^A^ 1 4©ffl*<B^tt, ffiljft) 
•MR (»10>£«8EK) 1 5#«tt£;h/C;te9, g£n 
-a**?^* 1 4^?3ttS^$tl5SiJJWf-§-[cS^V>T 

[0 0 3 5] MIBSjEjKl 5 a>v<u— * 9 0OfiH 

* i 2 coftii^coA^^, teiyay^yf 16W-J© 

K a fC-*©«*d v/d t (I src /CT) 
[0 0 3 6] y^l 3, nv-^viM Q<nW&j<Dl& 
-*1 2O-*rc0A**H5(-tt, SWWBEVREp^Stti&S 
[0 0 3 7 ] *3lffic0^jHc*5ttaDC-DC=i 
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[0 0 3 8] 0 3tC*J^T*i, ±**>6T*^*»ftTjfi 

^*40»i o^e>tn*sn5=ft« (/-Ka) , n 
1 2^ffl^, ^d^eck, m&mt 

[0 0 3 9] MftttiMKi 5C05teS;e« I src icioT 

10 ^ i'T-VU- 1 6 fc^H-fS £ , y — K a H ifdv/ 
dt = I src /CT©H«l:j;9±*UT^<. ^>v< 

u-* 1 2coati^m/E (»^wfflim#) n s^mEv 

REF1 i: y- Ka icoflff £Jt«U /-KaCQiffi^g 
^®J£V REF1 <fc 9 < ^om^gg U I^K^ 

ffiffiJfclftSl l^-*cOA^IH5(lttl^1~5o 
[0 0 4 0] ^yfl3(t ny/^u- x 2C0ffi^ 

20 IgU ^yfl 3^0FFi45 0 <fcot, ffiiHSaSt 

Ml 5(:i:5^>Tyt l 6— co3t««j(£ I src lc J: 
0, Bl/y-Kalt ISZZd v/d u;:J;oT±#&fT 

[0 0 4 1]-*, ay^U— ^ 1 2**feUJ**ixfc« 
-§-(1 E»»ffiffitb«»l 1 (Cj:oT^gf5^n ^EC 

i 4fctttfrt5. 

[0 0 4 2] ^COittJlCO— «t LT> t 1 IC^^ 
X, 3 y/< l/-^ 1 2 Wffl^^^ai^ d y ^ E C K «t 9 

[0 0 4 3] n 7^/^14 tt, MliKic&tSJtK 

»j»««e»i s tcm^-r a 0 »j«««e«i s ft, o 

-/N-^7^yu^ 1 4^btiJ^Snyt:fS#^aI^ffiffi(7>« 
^lci±ft««« I src aixttfficoti^fcii 

40 [0 0 4 4] ^LT, MfllttSEffl 5, 3>-/<U-^ 1 
2, jgftfeffiffiJttfcSl 1 , D-/N77>f^l4W 

KlC^JWLfcP L L (Phase Locked Lo 

op) »f^ds««*4ia»i 0»cJ:o-ctTbix5wtJc 
fta c 

[0 0 4 5] CCOjSm, /- Ka tC*5Jt5=ftiKtt, 

t>, »K=*«Oft*«Ett«!|I^V REF1 iftO, tt 
50 Jg«4lHlKl 0^J:oT^SnaZfiiK^«16ffl«» 



7 

f4, ^«^a y ^ECKJC|SJ«LfcfS#t46o 
[0 0 4 6] ^rtbtCct *9 . ***©»»Cj:*Ul PL 

Lftf^SrfT5tt»«*EI(Si OJcioT, ^yfyfi 

6 jSSRJttf b o # ft £*|C 4 o T tf 6 o^T fc $7fc{g 
Jdv/d t ^-aeT\ a>ojg»i&t>~£©Hft«S:± 

DC-DC^y/W 1 wtt»UES:*«lcS3Eft-t-5 

[0 0 4 7] *^lSO?gffi 1 T*tt, 

JSttftffiffiJtttSl U4, JS»ft£tiMi*JttM-5» 

[0 0 4 8] Sfefc, 1 2 0-^ ffi^rco 

A^gfl, -fftfr*>, jEteA^^SfeA^)<t S:AtL#^, 
X'f y^l 3C0ON/OFF*JffllS:ijfr^LTtlRlfil^jai 

[0 0 4 9] (HlfiCOJgffi 2 ) 0414, #3BW^Jfi<0 
HgflB 2 \Z X 5 D C - D C =i * fctttt D C - 
DCffiiJ»lHltec0lplKttMElT*fe5 o 

[0 0 5 0] *j|JISO»1B2*Ci3V^Tt, HMEHllfi^ 
fig 1 iridic, H?V*2, SSt^*-KD i , 3> 
■r>^3, 4, ^7^ DC-DC$IJ»[E]S§6 
a , fc&WC*^ YyW** 7 ft if 

AffilsIlg&BOfttttCRtt ibflt PWMM^DC - D 

C = ^Wl (Ell) tW8j&£*i5o 

[0 0 5 1 ] DC-DC©J«(ElS§6 a 14, 

10a^?)MStlTl^o 
[0 0 5 2] j&flg«£lElttl 0 a (4, 

ttitttSl 1, = # 12, ^^7^13, n — 

s<x y 4 >\,$ l 4 , ftlftifllflSiK 15,3 yfVt l 6 % 
fc5>Wc$WB»l 7, l 8(c4«9fBj££ftT^5 0 

[oo53] jajKi»ffiffiJt«« 1 1 (o-^wA^ajc 

14, ftfltt (*lO»H8) 1 7 0ffl*«as«K*iiT 
:^B8l 7<£>A;^lC{4, 3^i/-n2 

[0 0 5 4] jg»»{4tlfcbR38 1 1 <z>ftii^r(DA^Si5{c 
(4, (»2a>#JB») l 8©m*tt*sj»l*SixT 

8(7)A^^IC(4, ^S^d^ECK^ 

[o o 5 s] mmm$MttMm \ i©m*»fi 

9coftfi,^OA^a, ^-T 3/^1 3(7)-^coS 
=iW«U-*l 2 ©fife* <0 A^gG, ^t/^yf 
VIM 6©-*©SStttt*$»tt*ixT^5. 
[0 0 5 6] ^^f>7f 13, ayryfi 6 coftb^rco^ 
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[0057] ttfl$«£|p|ft i o a aSKHiflsfrK 

[0 0 5 8] 8H$X£|Blfgl 0 a (C4 9£/*£tl£Z£| 

Kco«jfi3»S:ffljfi»: f o s c , d^EC K(om 

fcmzmm&i e x t ti-zt. mfommtm® 1 1 

T^4, JBttftf o s cSrm^tfcfS#4, JSttft f e 
10 x tSrn»HUfcffi**5A*$ttT*5 9, r *U 0>it* 

jWBttft*MJfctt*iX, tt»«£lHlK 1 0 a T*f4xC 1 CO 

[0 0 5 9] 

fosc/m=fext/n (x£l) 

£fc, 5£ 1 4 <9 E^$<DJ1$|& f o s c (4, 

f o s c— (m/n) f e x t (zt2) 

<bft5 c 

[0 0 6 0] 4oT, ftflmtdflntttai:!^ 

SB* d j/^ECK^jgifift^mft^ft^j: 5Jc+sr t 

[0 0 6 1 ] ::t?, ^Stf? □ ECKWJSjfcgc f e 

x t fcA/D«ift«-ettfflsnsi»-y7 p y v^jajs* f 

s ( f s = f e x t) -f £ 0 fc£;iJ4\ B l K^-fDC 
-DC^w^-^ i ©iftriticjo^Tig i oci^-f 4 3ft 

JHffl 17, 18 0#jgttm, nSr-ttt^iX, #JBm = 
5, »fln = 2iU A/D«AD, ft5>WcRA 

t? 5 ff#M^(H]^ S S \Z.m%&tlZ>%;&%50 S C IC 4 o 

T*ft Sttfc^ o IB fir, ~rtet>h. ty7'yy/a 
7°y v^jsjK» f s *dc-dc3^<-^ i c^^-r ^ 

fy/JI«f o s cft<bW:S5WiKJaiK» (2 f o s 
c, 3fosc-) i:Sft^ft^4 5wir^T*# 

[0 0 6 2]±IB(4, 5mni7^ 18^jlJt«rm = 
5, n = 2tK£Lfea*T**S^ ***<0»ffi2JC 
40 j6V^T(4, »B817, 1 8{Z£*)i£M<Dftmi&&1t-? 

[0 0 6 3] (Hlf6<7)^ffi 3 ) IH 5 (4, #$gW<5QS!J6ff> 

il3l:J;5DC-DC3 9 \z.WlV) btitz.DC- 

DCMiviBiK^isiKKnia, in 6 14, *%w<nnm<Dj& 

«3^±5DC-DC#J»iaB^*5tt5^>f ^ V>/^-¥ 
[0 0 6 4] *HJ6^ffi3Jcio^Tt, Hiif2^Jfeco?g 
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S»3fi|B«>^»«cRW ibftT PWMMCOD C - D C = 

i (Hi) MMSSixa. 

[0 0 6 5] *fc, DC-DC*WIh1K6 btt, H5I: 

[0 0 6 6] jaKftffiffilfct8« 1 1 <0-#tOA*fflHC 

l7^ffll:(t ^ i 2omt)^, 

3-2 0, 2 1 w«HPfctT5«tP«*A*»*s**i-eii» 

[0 0 6 7] jgKSfc{4ffiJt«S 1 1 Ote*0)A*»^ 
[0 0 6 8] jgj&»ffiffiJt!fcS§ 1 1 CDttWtttt, d -/< 

* i 4 <&ffi^»fctt»j»tt«« is, 19 
«*n-c^So *hip««« (fB2<D£ttwg) 1 9tt, 

^yf (ttttfMfflftS) 2 OcDON/OF FlCj; t> 
[0 0 6 9] $W®#fcil 1 5 tCH, a 9 C0ft!l 

[0 0 7 0] MftSftiK 1 9 tCH, *>f yf 2 0 

[0 0 7 1 ] Sfc, 1 2^S?iHlt * 

UdJ; «9S2pmJEV REF1( V REF2 m^;ft7WC 

i^m^ti-cA^iv s3pmEv REF1 >sfpa;/Ev 
[0072] r©»£0>«?e«£iafci o btcjswsiii 

[0 0 7 3] H6JC*5V^Tfi, ±**»6T*tC*MtT, 
a) , 3^L/-^l 2^m^J, -^ECK, 

I src <DiS *lr 9 4 $ yyZZtiZtiTFLX^^Zo 
[0 0 7 4] *1% *>f yf 2 0^OFF-Cfc5t, ffi'l 

iSSflfcigi 5«c«t5SSttSft I src l:J:oT3yfyt 

16«^, y-Ka(l Itdv/dtT'J:#t 
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»«BEV REF2 Srtt»-f5J: 5»ceJ9#fc5o 
[0 0 7 5] 20^ONU 

mmmum 1 9 co«cm«ffi 1 sink tmmmMm 1 5 ^ 
ma«ci src 4?>ig#>£, ^®sfflci src <ttm%i 

^sink"" ! src ) /CT(wJ;i9|$Tl-5o 
[0 0 7 6] /- Ka C0®BEt)\ SWftEV REF2 J: 0 T 
rt*£4, 3 v^f-^ 1 2^>tii^l(i7c(cj^i9 , ^^yf 
10 2 0liOFFU fMftflfflKiKl 9^SD«9K$^u5o IH«P 

"9 # to o fc c 4 ic 9 S^mE V REF2 *p gtpSE V 
REF1 (C^5 Q r<0*S*, »«»J«HiaEJB 1 5 03SS««i« 
I src Ciotayfyfl 6j&55fe«S;h,5r4lc:4 

[0 0 7 7] ClOStelCite^Tfc, I^ESfC a >"!M 

LXotLXh. PLLim:J:otfli!tW^3£i:* 

20 [0 0 7 8] %ti\z <£ 9 % #HJ£<^fi 3 -cti, sya® 
SEJR15, l 9 c05t««8K I src *5«tt/Sfe*««E I sink 

%%<DX\ ^y<ls-t 1 2 0|itfj(£*5»+'5'r*^Jt 

[0 0 7 9] tt*3, iS^l^LtDC-DCny 
WSrffftofc^, *^P^(cjBtt5 PWMSg£[US&4 LT 

30 ©Dc-DC3^/<-*&4f«ctiaffla*5^r*t?fc 

[0 0 8 0] tJJLk, »W#KJ:oTft**ifc*Wt»W 

[0 0 8 1 ] 

40 £JLT© 4*5 9-^*5. 

[0 0 8 2] (1) *3SWlC«tix(i\ »HSS5ll^tC5te 

T% KiKJttf 6o* 4 4^^ CT ^ 

4^X#5o 

[0 0 8 3] (2) **WT*tt, *1, ^2 60^ 

50 5z4ri*-cg\ Ks^mB^eiS^ns^^r v^s?/ 
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[0 0 8 4] (3) Sfefcl, **Wfc*3V^-CI4, ±IE 

(l) , (2) \z£9 % PWMR8©»SttiSi±**4 
DC-DC^ tcfctt S St»BB8!*r/J^ffli8l{k , t-5 

K»fi«cia:Jt btiit-mi$.m<DD c-dc^ * © 

[El 2] #38W^llffi<D7gJ&i tCj:SDC-DC=3^/< 
-^KKtt fettfc D C - D C*J»lHlK(0|5]KlilMia-C& 

So 

[13] *»W«)Sllfc«)»aHHJ:5DC-DCW»ig 
[[2)4] *5BMO||lE6D^J|2JC<t5DC-DC3 W< 

[0 5] *58 K <0 * 3ia^DC-DC3yA 
btltz DC- D CftiJ»lHlI»OlHlKrtJiMia"Cfc 

[16] *%m<Dmm<Di&m3\z£ZDc-Dcmw® 

1 DC-DCay/W 



10 



20 
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2 h7>^ 

3, 4 ayfVt 

5 y r ? hyu 

6-6 b DC-DC$i|$1[eI&& (PWMftiJWElK) 

8 s^tbryy 
io-iob J6jg«^ia»s 



1 1 

1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 

1 9 

2 0 
2 1 



^ (SJEJttfcffi) 

#JB» (*2<0^«») 
(SBKIHtlfB) 



ECK a ( 

AD A/D**» 
S S {I#&3I[H]S§ 

osc 3§ig§£ 

Di *SE^>f K 

Zf 7 - K'< y * /!! 
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